ABSTRACT A multistrain experiment was conducted to quantify the extent of genetic differences in carcass and muscle yields, muscle quality, support organs, and taste panel assessments of cooked breast muscle of 296 birds from 37 lines of commercial broiler, layer, and traditional chickens. The birds were reared as broilers and 4 males from each line were slaughtered at 6 and 10 wk of age. The extent of genetic variation was measured as the intraclass correlation. The intraclass correlation for live weight; carcass yields; breast, drum, and wing portions; and associated muscle yields were high, whereas those for the thigh portion and yield were low. Broilers had more breast and thigh muscle but similar drum muscle as a proportion of carcass weight compared with layer and traditional lines. Genetic variation for muscle quality (plasma creatine kinase activity) was high; that for muscle color (L*, a*, and b*) and hemorrhage score were moderate in size and were greater at 10 than at 6 wk of age. Broiler lines had greater creatine kinase activity indicative of greater muscle pathology; breast muscle was lighter, less red and yellow in color, and had a greater hemorrhage score than muscle from layer and traditional lines, which were similar. Intraclass correlations for taste panel scores were low and generally not significant except for texture, chicken flavor intensity, flavor liking, and overall liking at 6 wk of age. Significantly greater scores from broiler compared with layer and traditional lines for texture, chicken flavor intensity, and overall liking were observed. At 10 wk of age, chicken flavor intensity did not differ between broiler or layer birds but was significantly greater in both groups than traditional birds. Genetic variation for relative weight of abdominal fat, spleen, and heart was moderately high and greater at 10 than at 6 wk of age. Broiler carcasses had a relatively high proportion of abdominal fat and smaller spleen and heart weights.
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INTRODUCTION
Little is known about the underlying genetic and physiological basis for variation in poultry meat quality or the effects of genetic selection for broiler and layer traits on carcass, muscle, or meat quality. Genetic selection for broiler traits has often been assumed to lead to poor eating quality of broiler meat and an increased incidence of skeletal and cardiovascular disease (Sandøe et al., 1999) . In comparisons of a modern genotype and a composite line created in 1957 and maintained without selection, mortalities to typical slaughter ages were not greatly different between the lines in spite of a 4-to 5-fold increase in BW and an improvement in feed efficiency of 15 to 20% (Havenstein et al., 2003b) . Genetic selection for broiler traits over this period increased the yields of edible meat and doubled the proportion of breast muscle in the carcass but was also associated with increased fatness (Havenstein et al., 2003a) .
One objective of this study was to quantify the extent of genetic variation for live weight, carcass yield, carcass parts, and meat yields in chickens. The second objective was to assess the extent of genetic variation for muscle and meat quality and the third objective was to determine the effect of genetic selection for boiler traits or egg production on these same traits. The relative weight of the heart and spleen were measured as predictors of susceptibility to disease.
A large multistrain experiment consisting of 4 male chicks from each of 37 genetic lines of chickens was conducted to achieve these objectives. The lines included traditional lines and commercial broiler and layer lines. The birds were assessed at 6 and 10 wk of age to represent the typical slaughter ages for broilers and traditional dual-purpose breeds, respectively. It was also considered likely that the traditional lines would be at a similar level of physiological maturity at 10 wk as the broilers were at 6 wk of age.
The degree of genetic variation for a trait was determined as the proportion of the total variation that was associated with different breeds or lines. Taylor (1976a,b) and Taylor and Hnizdo (1987) showed that a minimum of 25 lines with 4 unrelated individuals is close to the optimum for a range of objectives. Two analyses were conducted; one used a statistical model with age and line and the second of a model that also included an effect for genetic type or category (broiler, layer, and traditional). The second model was used to quantify the effect of recent intensive genetic selection for high productivity on meat and muscle quality.
MATERIALS AND METHODS

Birds
Over 900 one-day-old chicks were obtained from 37 lines (12 broiler, 12 layer, and 13 traditional) from 8 sources ( Table 1) . The commercial broilers (B) and layers (L) and the traditional (T) J-line (Brown Leghorn) were vent-sexed at hatch and the males were housed in 4 large pens. The remaining T lines were allocated to single-strain pens (2.4 × 1.5 m) and were sexed by a DNA method (Griffiths et al., 1998) . The males from these lines were allocated to the large experimental pens at 2 wk of age. The breed origins of the commercial lines were not known but the breeders were asked to supply lines that differed as much as possible in their genetic origin or selection histories. The birds from the commercial lines and the J-line were the progeny of 4 sires and at least 8 dams. The remaining T lines were the progeny of 2 males and the number of dams was not specified (the total number of sires was 125). The birds were randomly assigned to pens so that, as far as possible, every sire was equally represented in each pen and all chicks were individually identified with numbered wing bands.
The pens (6.0 m × 2.4 m) were made of wood to 1 m and wire to the ceiling of a conventional poultry house. The floor was covered with wood shavings that were changed or supplemented as required to maintain the litter in a dry, friable condition. Water was available ad libitum throughout the experiment from suspended bell drinkers. The birds were provided with ad libitum access to a commercial broiler starter diet from 0 to 5 wk and a commercial finisher diet from 5 to 10 wk of age in 6 tubular feeders in each pen. A constant photoperiod of 16L:8D was maintained throughout the experiment and light intensity averaged 10 lx at the height of the head of the bird. The experiment was conducted under a United Kingdom Government Home Office-approved license after review by the Institute's Animal Welfare and Ethics Committee.
Plasma Creatine Kinase Activity
On the day before slaughter at 6 and 10 wk of age, a 2-mL blood sample was taken from the brachial vein of 4 birds from each line (at least 1 progeny of each sire) using a preheparinized needle and syringe and decanted into a heparin-coated tube. The samples were centrifuged for 5 min at 1,500 × g and the plasma supernatant was frozen and stored at −20°C for later analysis for creatine kinase (CK; EC 2.7.3.2) activity using a commercial diagnostic kit (Alpha Laboratories, Hampshire, UK) modified for use with a multi-well plate spectrophotometer (MR 5000, Dynatech Laboratories, West Sussex, UK) as described previously by Mitchell et al. (1992) .
Slaughter Measurements
After an overnight fast, the birds were placed in crates and transported to a slaughter plant, a journey time of approximately 2 h. The birds were weighed, hung on shackles on a slaughter line, and killed by electrical stunning in a water bath followed by immediate manual sectioning of the blood supply to the head. After bleedout, the dead birds were suspended in a warm water bath and defeathered. The carcasses were eviscerated on line. Abdominal fat, spleen, and heart were dissected from the internal organs and weighed. The head and neck were removed at the base of the neck and the feet and shank at the hock joints and discarded.
Carcass Parts
All weights were taken to the nearest gram. The defeathered carcasses were stored overnight at 4°C and weighed. After 24 h, the carcasses were eviscerated and portioned using a system based on the World's Poultry Science Association recommendations (Jensen, 1983) . Carcass portions were obtained as follows: the breast muscle and adhering skin were dissected from the carcass and weighed. The legs were disarticulated at the hip and knee joints and the drum and thigh portions were weighed. The remaining carcass consisting of the back and rib cage were weighed as a check measurement. The breast skin was removed and the right thigh and drumstick were dissected into skin (including s.c. fat), muscle, and bone and the parts of all 3 portions were individually weighed.
Meat Quality
After chilling, and immediately before carcass portioning, the right breast muscles (musculus pectoralis) were evaluated for color lightness (L*), redness (a*), and yellowness (b*) using reflectance colorimetry [Minolta CR-300, CIELab, Minolta (UK) Ltd., Milton Keynes, UK]. Triplicate color measurements were made on the ventral (anterior) aspects of the muscle.
Hemorrhages were scored using a threshold model consisting of a discontinuous 5-point scale with 4 cutoff points that were allocated by comparison with standard photographs of breast muscles showing a particular severity of hemorrhage (1 = none to 5 = numerous and extensive) published by Kranen et al. (1996) .
Taste Panel Assessment
The breast muscles were vacuum-sealed in sterile polyethylene food bags and rapidly blast frozen for sensory evaluation. Before taste panel evaluation, the breast muscles were thawed, wrapped in aluminum foil with a thermocouple inserted into the thickest part of the muscle, and cooked in computer-controlled electric ovens until the internal tissue temperature reached 85°C. The cooked muscles were cut into 1-cm slices parallel to the fiber axis and served hot to a panel of 10 experienced assessors. The assessors (all female in the age range of 35 to 55 yr) had previously been screened using British Standards Institution (1993) methods and then received further training in the assessment of meat. A total of 22 panels were convened. All sessions were completed under red light to mask any effects of the appearance of the sample. At each session, assessors were presented with 1 sample from each treatment, which was rated using 8-point category scales for texture (1 = extremely tough to 8 = extremely tender), juiciness (1 = dry to 8 = extremely juicy), chicken flavor intensity and abnormal flavor intensity (1 = weak to 8 = strong), and hedonic scales for flavor liking (1 = dislike extremely to 8 = like extremely) and overall liking (1 = dislike extremely to 8 = like extremely). All samples were presented to the assessors in an experimental design to reduce carryover effects (MacFie et al., 1989) .
Statistical Analyses
The experiment was a randomized block design. Residuals were evaluated for normality and all analyses were conducted using the REML procedure of GenStat (http://www.vsni.co.uk/software/genstat/). Parame- ters of the statistical model were estimated by the marginal method of Breslow and Clayton (1993) . Line × age interactions were modeled with random effects for pen × line and line × age and a fixed term for age. A t-test was used to determine the significance of the variance component for line × age. Variance components for calculating the intraclass correlation were obtained from a model with random effects for pen, line, and residual at 6 and 10 wk of age. Between-line genetic variation was quantified as the intraclass correlation,
, where s b 2 is the between and s w 2 the residual (within line) component of variation. The analysis for each trait was repeated with a fixed effect for category (B, T, and L) included in the model and the intraclass coefficient was recalculated (t bw ). Fixed effects were tested for significance by the method of Welham and Thompson (1997) . Interactions between the fixed effects for age and line were evaluated by comparing the deviance difference from omitting the interaction divided by the degrees of freedom against a χ 2 distribution.
The GenStat output provides an estimate of the SE of s b 2 and the statistical significance of the intraclass correlation was assessed as the ratio of the variance component to its SE evaluated against a t-distribution. This measure of statistical significance was chosen in preference to the approximate a priori average SE of 0.1 for all intraclass correlations estimated from the formula for the variance of the intraclass correlation with line considered as a random effect from Taylor (1976a, equation 4.4) .
Carcass tissue from the dissection of the thigh and drumstick from the right side were multiplied by 2 to estimate the total carcass component. The ratio of muscle to bone in the leg and thigh, the ratio of breast muscle to total leg muscle (thigh plus drum muscle), thigh to drum muscle, and abdominal fat to the sum of the skin and adherent fat (breast skin plus twice the sum of the left drum and thigh skin) were analyzed. Carcass weight was analyzed as a proportion of live weight and the weights of carcass portions, abdominal fat, heart, and spleen were analyzed as proportions of carcass weight. Muscle yields were analyzed as proportions of the relevant carcass part. Live weight and CK were transformed by taking natural logarithms to normalize the residual errors. Taste panel and hemorrhage scores were analyzed as binary variables with the GLIM procedure in GenStat. The results were similar to the REML analyses assuming normally distributed residual errors and equal variance and the latter are reported. Preliminary analyses showed that the variance component for taste panel was not significant and was therefore ignored in the REML analysis of taste panel scores. The carcasses of some of the small L and T lines were partially cooked in the water bath before plucking and breast samples could not be used for taste panel assessment. In addition, some of the samples of the small T lines were combined within sire to provide enough material for taste panel assessment. The total numbers of records (taste panel assessments) that were available for analysis after edits at 6 and 10 wk, respectively, were 146 (124) and 145 (120) out of 148 planned determinations.
RESULTS
The line × age variance component was significantly different from zero for live weight, wings (P < 0.001), L*, a*, abdominal fat, spleen, and heart (P < 0.05) and separate means for both ages for all traits are presented. Results for the intraclass correlation calculated over all lines and within the 3 categories and the mean values for B, L, and T genotypes for each trait are presented in Tables 2 to 4 .
Intraclass correlations for BW and carcass yields at 6 and 10 wk were very high (Table 2 ). Body weight doubled between 6 and 10 wk for B, L, and T lines, whereas the increase in carcass yield was relatively small. The B lines produced approximately 100 g more carcass as a proportion of live weight than L and T lines, which were similar.
The intraclass correlations for carcass portions showed considerable variation among the different parts of the body and were not greatly affected by the inclusion of category in the statistical model (Table 2) . Betweenline variation was relatively high for breast, drumstick, and wing portions compared with the low intraclass correlation for thigh. Similar results to these were obtained for muscle yields (Table 3) .
Relative organ size was lower in B compared with L and T and intraclass correlations were moderate in size and lower within category compared with t b (Table 2) . Abdominal fatness was greater, whereas relative spleen and heart weights were lower in B compared with L and T lines. The ratio of abdominal fat to skin and s.c. fat was greater in B compared with L and T (Table 3) and the difference between B lines and the 2 other categories was lower at 10 than at 6 wk.
The ratio of breast to leg muscle was greater in B than L and T lines and both intraclass correlations were high (Table 3) . Comparable category comparisons were demonstrated for the ratio of lean in the thigh to lean in the drumstick and lean to bone ratios in the thigh and drumstick, but t bw was substantially lower than t b particularly at 10 compared with 6 wk of age (Table 3) .
The interclass correlation for CK activity was very high and comparable to t b for live weight, but in contrast to BW, t bw was little more than one-half the value of t b (Tables 2 and 4 ). Creatine kinase was much greater in B compared with L and T lines, which were similar (Table 4 ). The pattern of intraclass correlations for L* and a* was similar and greater than b*, which were relatively low (Table 4) . Intraclass correlations for L* and a* were lower at 6 and somewhat greater at 10 wk of age, and t bw were substantially lower than t b .
Breast muscle from B lines was lighter and less yellow (lower L* and a*) and less red (b*) than L and T lines at 6 but not 10 wk. Scores for breast muscle hemorrhages were relatively high for B compared with L and T lines; t b was moderately high, whereas t bw was very low (Table 4) .
In contrast to intraclass correlations for weight and yield traits, those for taste panel traits were very low 
t b = intraclass correlation [between-line variance/(between + within-line variance)].
3 t bw = intraclass correlation pooled within categories (i.e., after correction for the category mean). 4 SED = SE of a difference between 2 category means. *P < 0.05; **P < 0.01; ***P < 0.001. Table 3 . Intraclass correlations and category means for muscle yields and relative tissue weights for lean, bone, and fat at 6 and 10 wk of age for 37 genetic lines of chickens ; P < 0.01. 1 t b = intraclass correlation [between-line variance/(between + within-line variance)]. 2 t bw = intraclass correlation pooled within categories (i.e., after correction for the category mean). 3 SED = SE of a difference between 2 category means. **P < 0.01; ***P < 0.001.
GENETIC VARIATION FOR CARCASS AND MEAT QUALITY
and not significant (Table 4) . Furthermore, category comparisons showed that there was little difference between the assessments of the cooked meat among the 3 categories. Nevertheless, category means for B were greater than those for L and T, particularly at 6 wk. Specifically, meat from B lines had greater taste panel ratings for texture and overall acceptability (P < 0.001), chicken flavor intensity (P < 0.05), and flavor liking (P < 0.01) at 6 wk of age. However, at 10 wk, there were no differences between the 3 categories except for chicken flavor (P < 0.05; Table 4 ).
DISCUSSION
The evidence from changes in the category means for taste panel assessments and measures of fatness suggests that T and L lines were later maturing and may have reached similar physiological states as the B lines at 10 but not 6 wk of age. Significant age × line interactions for the color traits (L*, a*, and b*) and relative organ size are also consistent with the hypothesis that these 2 categories were later maturing than B lines. However, there was very little difference between the 2 ages in the yield traits.
Several traits were analyzed as proportions or ratios because of the commercial importance of these in the processing plant. The use of ratios forces the regression of the dependent variable through zero on the independent axis and plots of the data showed that this was approximately the case for all traits except abdominal fat weight as a proportion of carcass weight. The results of analyses with live or carcass weight as a covariate were therefore similar to those using ratios and the latter were adopted and reported in Tables 2 and 3 .
Quantifying the Extent of Genetic Variation for Carcass, Muscle, and Meat Quality
Intraclass correlations for BW, carcass yield, carcass portions, and muscle yields at 6 and 10 wk were very high, demonstrating that between-line genetic variation was far larger than within-line variation for these traits (Tables 2 and 3 ). The results also show that there is substantial genetic variation between lines after correcting for the large differences between B and L and T lines. A similar conclusion for mature BW and carcass yields was reported by Hocking et al. (1985) .
The B lines produced substantially more carcass weight as a proportion of BW and the breast was much larger as a proportion of carcass weight than in L and T lines. Similar results were obtained for muscle yields (Table 3 ) and carcass portions (Table 2) . Because carcass portions were analyzed as proportions of carcass weight, it is not surprising that greater yields for breast and thigh in B lines were associated with lower proportions of drum and wing compared with L and T, which 3 t bw = intraclass correlation pooled within categories (i.e., after correction for the category mean). 4 SED = SE of a difference between 2 category means. *P < 0.05; **P < 0.01; ***P < 0.001.
were similar. These traits are major selection goals in B lines and have a considerable influence on efficient meat production.
In contrast to carcass and muscle yields and carcass parts, there was relatively little genetic variation for taste panel assessment of breast meat quality. The results suggest that relatively little additive genetic variation exists for these characteristics of cooked chicken meat. The differences between these 2 traits probably reflect the fundamental biological processes of the muscles that form meat in contrast to more malleable changes in gross composition that lead to adaptation to changing environments. However, low intraclass correlations may result if within-line variation is high relative to between-line variation and the results for meat quality should be interpreted with caution. In addition, taste panel assessments may be too crude to measure muscle status compared with the proportions of carcass parts and physiological measurements of muscle quality. Analyses of a third group of male chicks at 8 wk of age was conducted to assess muscle quality traits (Sandercock et al., 2009 ) including pH, gross chemical composition, and element content (Na, K, Mg, and Ca) of breast muscle. These analyses showed that pH change was greater and cooked breast muscle more tender in B compared with T and L genotypes. Furthermore, broiler muscle had markedly altered cation regulation that may be associated with changes in muscle cell function and the development of muscle pathology and processing quality problems that are not related to taste.
Variability in the appearance of meat is commercially important and moderate levels of genetic variation exist for breast muscle color and hemorrhage score ( Table  4) , suggesting that genetic selection may improve these traits, although the intraclass correlations within category were generally low. These conclusions are consistent with recent estimates of moderately high heritabilities for muscle color and pH (Le Bihan-Duval et al., 1999 , 2001 ).
The Effects of Genetic Selection on Carcass, Muscle, and Meat Characteristics
The means for L and T lines were similar for virtually all traits and we can conclude that selection for high egg production has not affected juvenile BW and composition or muscle and meat characteristics to 10 wk of age relative to the range of T lines represented in this study. Broiler lines were 4 to 5 times heavier than L and T lines and carcass yield was 100 g/kg (about 16%) greater ( Table 2 )-results that are comparable with those reported by Havenstein et al. (2003a,b) for a contemporary B line of 2001 compared with a synthetic line that was established from commercial B lines in 1957 and maintained without selection. Greater carcass yields in B lines were associated with greater breast and thigh meat yields, greater lean to bone ratios, and lower drum and wing portions (Tables 2 and 3 ). These changes have had little effect on taste panel assessment of cooked breast meat and at 6 wk taste panels preferred meat from B lines (Table 4) . There have been several recent reports that show a consistent preference in taste panel assessments for chicken meat from modern broilers compared with a range of alternative genotypes and different systems of production including organic, free range, and French label rouge (Debut et al., 2005; Brown et al., 2008) , and there is 1 report of better adaptation to further processing of muscles from B lines compared with slow-growing and label lines .
Breast muscle from B lines was paler and less yellow ( Table 4 ) and had more hemorrhages compared with L and T lines. The latter would make breast fillets less acceptable at a retail level, but the paler meat might be viewed more favorably by consumers. Greater CK activity in plasma from B lines has been linked to muscle cell pathology and poor processing quality (MacRae et al., 2006; Sandercock et al., 2006) . However, moderately high values for the intraclass correlation within category indicate that there is substantial genetic variation in B lines that could be exploited to improve muscle and meat quality in broiler chickens.
Carcass fat increased with age and was greater in the contemporary line compared with the historic broiler population reported by Havenstein et al. (2003a) . In contrast, Hocking et al. (1985) reported no difference in fatness at maturity in their multistrain experiment, possibly as a consequence of the actions of steroid hormones after sexual maturity. The proportion of abdominal fat in the B lines was comparable to that in the report by Havenstein et al. (2003a) . It is interesting that the proportions of abdominal fat in L and T lines at 10 wk were comparable to that for B lines at 6 wk and the differences between the results of Hocking et al. (1985) and those of the present data and Havenstein et al. (2003a) may be a consequence of different rates of maturity in B compared with L, T, and 1957 B lines. An increase in the ratio of abdominal to skin fat in the L and T lines between 6 and 10 wk of age (Table  3) is consistent with this interpretation. The extent of between-line genetic variation for the proportion of abdominal fat in the carcass is not as high as that for BW and carcass portions (Table 2) and there is a relatively moderate degree of variation for fat distribution (Table  3 ). This may be associated with relatively high withinline variation as a consequence of both genetic and environmental differences.
The Effects of Genetic Selection on Relative Heart and Spleen Weight
The weights of spleen and heart in relation to BW are crude measures of the physiological efficiency respectively related to immune and cardiovascular function. These show that the relative heart and spleen weight decreases with selection in B lines as has been reported by several authors (e.g., Jackson and Diamond, 1996; Rance et al., 2002; Gaya et al., 2007) . The lower relative heart size of B lines may be associated with the greater susceptibility to ascites in commercial broilers, but selection for high egg production has had no measurable effect on the relative size of either the spleen or heart in egg laying compared with T lines of chickens.
Multistrain Experimental Design Considerations
The multistrain design is very efficient in its use of animals for estimating genetic parameters (Taylor, 1976a) and we chose to use a multistrain experiment to quantify the extent of genetic variation for some expensive measures of meat quality. The addition of some easily measured traits such as carcass weight and body parts facilitated comparison with traits for which a great deal is known and puts the prospects for genetic selection for meat quality traits into a wider context. The intraclass correlation supplies a global estimate of genetic variation and an upper limit to the heritability of each trait. The results of the experiment suggest that traits such as meat texture, color, and muscle hemorrhage may be of value but that other eating characteristics are not likely to be worth considering for inclusion in genetic selection programs.
We chose to measure males only because to also include females would have doubled the size of the experiment. The implied assumption of this strategy is that there is no interaction of sex and line. In a similar multistrain experiment with mainly layer-type adult birds at 507 d of age, Hocking et al. (1985) reported that the sex × line interaction was significant for most body composition traits. Furthermore, the intraclass correlations for traits measured in females were generally lower than in male chickens. Some of these differences may be related to the greater fatness of females compared with males and the relatively lean White Leghorn females compared with medium and heavy lines. In the absence of data on females in the present experiment, we cannot confirm that a similar result would not have occurred during the rearing period in the present experiment.
Hatchery and age of dam effects could contribute to the estimates of between-breed variation and inflate the intraclass correlations. Although we could not control for hatchery effects, we did attempt to minimize the effects of age of dam by requesting that the commercial breeders should supply chicks out of flocks 30 to 50 wk of age. The T lines were likely to be from birds that were over 1 yr of age and from hens that were not in the first few weeks of lay because these chicks are usually used for replacement stock.
Conclusions
The extent of the (total) genetic variation for commercial yield traits, muscle, and meat quality has been quantified in this research. As expected, there is a large amount of genetic variation for weight and yield traits both over all lines and also within B, L, and T lines. Changes in the relative weight of the heart and spleen reflect these differences but there is significant variation remaining within the 3 genetic categories. For the first time, the extent of genetic variation for presentational characteristics (color and hemorrhages) and taste panel assessment of meat quality have been quantified. Genetic variation for appearance traits was moderately high but relatively low within category, and the results suggest that the differences are largely the result of selection for broiler traits. Estimates of the extent of genetic variation for taste panel scores was low and generally not significantly different from zero (Table 4) , although there was evidence of moderately high genetic variation for texture, a result that warrants further investigation.
This multistrain experiment facilitates comprehensive and general statements to be made with confidence about the differences between B, L, and T lines. Broiler lines are on average larger and fatter (with proportionally more fat in the abdominal fat pad compared with the skin); they are more muscular and have proportionally smaller heart and spleen weights. Plasma CK activity is greater in B compared with L and T lines and is indicative of greater muscle pathologies and postprocessing changes in broiler meat. The breast muscle from broilers is lighter and less colored and has a greater incidence of hemorrhages. The cooked meat from broilers at 6 but not 10 wk of age was preferred by taste panel assessors and had better texture and flavor than meat from L and T lines, possibly reflecting the later maturity and development of the musculature of the L and T lines. Layers and T lines were generally similar, suggesting that, in contrast to genetic selection for broiler traits, selection for high egg production has not altered muscle yield or muscle and meat quality.
